The left ventricular ejection time (LVET) was studied by means of the carotid artery tracing in 512 elderly subjects (205 male and 307 female) who were between 60 and 90 years old (mean age, 70.5 years). A highly significant correlation was found between heart rate (HR) and LVET. The data on these aged subjects were compared and analyzed with the results previously reported concerning young and middle-aged adults. A small but significant increase of LVET with aging, independent of changes in HR and blood pressure, source of data on ejection times in the older age group.
STUDIES concerning the relationship between left ventricular ejection time (LVET) and heart rate (HR) in older subjects are relatively scarce, and contradictory results have been reported on the influence of aging on LVET. [1] [2] [3] [4] [5] Until now no LVET data on a large number of healthy elderly persons, living in normal conditions, have been reported in the literature. Since the mean age of the ordinary hospital population is above age 60 and since it is especially at this age that atraumatic and simple methods for cardiac evaluation are needed, our study is mainly intended to be a source of data on ejection times in the older age group.
Regression formulae and regression lines for the prediction of normal ejection times were presented by several authors." 2, [6] [7] [8] [9] [10] [11] The purpose of the present study was to examine if these regression lines, based on the study of young and middle-aged adults, are also valid for older subjects. The influence of other factors besides HR on LVET was also analyzed.
Methods
The present investigation was part of an epidemiologic study of 515 The mean values and standard deviations for LVET and the corresponding HR for the total group and for men and women separately are represented in table 1 . The regression equations relating LVET to HR are shown in the same table.
A highly significant correlation was found between HR and LVET. The slopes of the linear regression equations for men and women were statistically different (P <0.01). The linear regression lines relating left ventricular ejection time (LVET) to heart rate in young and old subjects.
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,-\ At all heart rates, LVET was statistically longer in women than in men (P<0.001).
The difference between the ejection time of both sexes at the mean HR of the total group (74 beats/min) was 12.9 msec, which is 4% of the observed LVET at that HR.
Effect of Age
The LVET of the elderly subjects was compared to that previously published for 218 normal young men, with a mean age of 34 (SD, 10) years and mean HR of 72, and 70 normal young women with a mean age of 23.5 (SD, 4.5) years and mean HR of 87.10 As heart failure and digitalis are well known causes of shortening of LVET, elderly subjects with clinically manifest heart failure and those who used digitalis were excluded for this comparison. The calculated regression lines of these younger and older subjects are depicted in figure 1 . The coefficients of the regression lines relating LVET to HR in the younger and elderly subjects were statistically different. At heart rates up to 85/min, the mean LVET of the older group was statistically longer than that of the younger group. At heart rates over 90/min the mean LVET of the elderly group seemed to be shorter; this difference, however, was not significant. Only 18% of the total population, 9% of the male and 24% of the female, had heart rates over 90/min. Furthermore it is likely that any subjects with subclinical heart failure would be found in the high HR group.
To rule out the influence of blood pressure, which was women, multiple regression analysis was performed on the pooled data of both groups (table 2) . Taking into account the difference in blood pressure between old and young subjects, a statistically significant influence of age alone on LVET could be demonstrated independent of changes in HR. The partial correlation coefficient between LVET and age was +0.26, which is highly significant (P< 0.0001) in view of the large number (n = 742) of subjects involved, ranging in age from 18 to 90 years.
Effect of Some Other Factors on LVET
In old people, the influence on LVET of other factors, independent of changes in HR, was small, as could be demonstrated by multiple stepwise regression analysis (table  3) . There was a small, positive, significant correlation between LVET and systolic blood pressure (r=0.24; P<0.001), independent of changes in HR. The partial regression coefficient of LVET on systolic blood pressure was +0.134 (SD, 0.030) in the total group of old subjects (n = 512). LVET was also significantly, but negatively, correlated with the arm-to-tongue circulation time (r = -0.21; P < 0.001), with the transverse diameter of the heart (r =-0.12; P < 0.01), and with the blood hemoglobin content (r = -0.17; P < 0.001). The total explained variation of the regression including LVET and heart rate, circulation time, heart diameter, hemoglobin, and systolic blood pressure was 62.2% (table 3). The explained variation by heart rate alone was 56.2%. No correlation could be found between LVET as the dependent variable and Subjects with a typical history of angina pectoris or with electrocardiographic changes indicating previous myocardial infarction were considered to suffer from definite ischemic heart disease (IHD). Ischemic heart disease was thought to be probably present in subjects with an atypical history of angina, lone left bundle-branch block, or atrial fibrillation. After correction for changes in Table 4 Linear Regression Equations Relating Heart Rate (HR) and LVET The so-called normal old subjects were selected according to the following criteria: systolic blood pressure below 160 mm Hg and diastolic pressure below 90 mm Hg; no evidence or suspicion of IHD; normal ECG; arm-to-tongue circulation time below 20 sec for men and below 16 sec for women; maximal transverse diameter of the heart below 160 mm for men and below 150 mm for women; no intake of drugs, particularly no intake of digitalis, diuretics, or antihypertensive drugs. Only 72 subjects, 39 (18.8%) of the men studied and 33 (10.7%) of the women, met all these criteria of "normality." No statistically significant difference could be demonstrated between the regression lines relating HR to LVET in the group of the so-called normal old subjects compared to the total group (table 5) .
Discussion
The data obtained in this study show that in elderly subjects, as well as in young and middle-aged,2 6-11 heart rate is the most important determinant of LVET.
At all heart rates, mean LVET values 10 to To rule out the effect of blood pressure differences between young and old subjects, multiple regression analysis was performed, using our previously published10 data on younger subjects, which were nearly identical to those published by others.f9"1' In the combined group of young and elderly subjects, a small but statistically significant influence of age on LVET, independent of changes in heart rate and blood pressure, could still be demonstrated. LVET increased by 2 msec/decade in the total population, independently of changes in heart rate and blood pressure.
A decline in sympathetic nervous tonus4 and in myocardial contractility5 and an increase in aortic impedance are probably the main determining factors in the prolongation of LVET with rising age. A decrease of the aortic compliance, as occurs with aging, has been demonstrated to increase the impedance to ejection and to increase the tension load on the myocardium, independent of changes in aortic pressure. 19 The failure of previous studies,'-3 including our own,t0 to detect a significant effect of age on LVET can probably be ascribed to the fact that in those studies mainly subjects below age 60 were investigated and also by the fact that the influence of aging is indeed rather slight and occurs mainly at old age. Also the large population, used in the present study, facilitates the statistical demonstration of weak correlations. It is indeed remarkable that the duration of left ventricular ejection varies Circulation, Volume XLII, July 1970 so little relative to heart rate over the range of ages studied.
Besides the effect of aging the influence of some other parameters on LVET was studied. At all heart rates LVET in aged women was statistically longer than in aged men. This is in accordance with the results obtained by others in young subjects.2 4, 17, 20, 21 In the total group of elderly people a small but statistically significant positive correlation was found between systolic blood pressure and LVET, independent of all other parameters studied. The partial regression coefficient was +0.134 (SD, 0.030), which means that for each increment of systolic blood pressure by 10 mm Hg the average increment of LVET was 1.34 msec. In this connection, it should be mentioned that Shaver and associates22 observed prolongation of LVET during acute elevation of blood pressure by methoxamine in man, at fixed heart rate and stroke volume. Varying effects of systolic aortic pressure on LVET have been found in other studies. 5-7, 10, 15, 17, 23-25 A significant negative correlation was found between heart size, as judged from the transverse diameter of the heart and the cardiothoracic ratio, and LVET corrected for changes in heart rate. Also a negative correlation was calculated between the armto-tongue circulation time and LVET. These findings are in agreement with the well-known shortening of LVET-with decreasing stroke volume, as occurs in heart failure. 6' 15, 16 The relationship between LVET and HR was studied in the subjects with definite and probable ischemic heart disease as compared to normal old subjects. Probably due to an insufficient number of subjects no statistically significant difference could be demonstrated in the male or female group taken separately. When taken together, it was found that LVET, corrected for changes in heart rate, was probably significantly (P = 0.05) lower in patients with definite ischemic heart disease than in normal old subjects. All the subjects we studied were not hospitalized and most of them were physically active. Only six men and three women presented clinical signs of heart failure. Our data indicate that LVET, recorded at rest and in the supine position, remains within normal range even in elderly subjects with ischemic heart disease, as long as they are not hemodynamically disabled.
